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Summary  Wet  pack  after  steam  sterilization  process  that  means  there  are  surely
obtain  millions  of  microorganisms  that  can  breed  and  multiply  rapidly  and  objects
are  unsterile  and  can  never  be  used  for  further  procedure.
There  are  many  reasons  behind  the  wet  pack  occurrences  after  autoclaving  like
poor  quality  of  wrapping  materials,  faulty  valves  of  rigid  container,  faulty  loading
and  packaging  technique,  poor  steam  quality,  sterilizer  malfunction  and  may  be
design  related  problems  in  CSSD  sterile  storage  area.
Cause  of  wet  pack  after  steam  sterilization  processes  may  occur  severe  problems
because  of  wasted  time  and  effort,  increased  work  load,  increased  cost,  potentially
contaminated  instruments,  infection  risk  to  the  patient,  poor  patient  outcomes  and
delayed  or  cancellation  of  procedures.
But  such  wet  pack  scenario  can  be  avoided  by  various  methods  by  using  good  steam
(water)  quality,  performing  periodic  maintenance  of  the  Autoclaves,  avoidance  of
sterilizer  overloading,  allowing  adequate  post  sterilization  time  to  cool  down  the
materials  to  room  temperature,  using  good  quality  wrapping  materials,  properly
maintain  temperature  and  humidity  of  sterile  storage  area  etc.Please  cite  this  article  in  press  as:  Basu  D.  Reason  behind  w
An  overview  from  Central  Sterile  Supply  Department  of  a 
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Introduction
The  presence  of  any  residual  moisture  on  inside  or
outside of  a  sterilized  product,  results  in  the  item
being referred  to  as  ‘wet  pack’.
Wet packs  are  a  concern  because  the  resid-
ual moisture  can  creates  a  potential  pathway  of
microorganisms  to  travel  from  outside  environment
to the  packaging  materials  and  possibly  contami-
nating the  instruments  after  sterilization.
Wet  pack  issue  is  universal  especially  where
sterilization done  by  steam  processes.  There  are
several  issues  behind  for  wet  pack  occurrences  like;
poor quality  of  wrapping  materials,  poor  load  con-
ﬁguration  and  packaging  technique,  poor  steam
quality,  faulty  planning  or  design  of  central  sterile
supply  department  (CSSD),  poor  sterilizer  condition
and  poor  inventory  management  system.
The  consequences  of  wet  packs  are  wasted
time and  effort,  increased  work  load,  increased
cost, potentially  contaminated  instruments,  infec-
tion risk  to  the  patient,  poor  patient  outcomes  and
delayed or  cancellation  of  procedures.
Brieﬂy discuss the points mentioned
above
Poor packaging materials quality
The  purpose  of  packaging  materials  is  to  provide
a sterile  barrier  and  maintaining  sterility  until  it
is used.  Packaging  materials  should  be  wrapped  in
such a  way  that  it  allows  steam  and  air  into  the
package, but  keeps  bacteria  out.
But some  countries  still  using  reusable  linen
as a  wrapper  for  steam  sterilization  purposes.Please  cite  this  article  in  press  as:  Basu  D.  Reason  behind  w
An  overview  from  Central  Sterile  Supply  Department  of  a  
(2016),  http://dx.doi.org/10.1016/j.jiph.2016.06.009
Due to  cotton  thread,  moisture  can  retain  during
steam sterilization  processes  and  ﬁnally  conden-
sation occurred  in  both  sides  of  the  packaging
materials [1].
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Figure  1  Steam  sterilizer  vacuum PRESS
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roblem in rigid container system
ondensation  might  occur  in  rigid  containers  during
ost-vacuum  phase  when  maximum  pressure  drop
o atmospheric  pressure  at  the  end  of  the  steriliza-
ion cycle.
Illustrative  example:
)  A  reading  (printout)  of  25  kilopascals  (KPa)  on  a
pressure  gauge  in  post  sterilization,  that  means
some moisture  (25%  of  water  in  gas  form)  is
still remain  inside  the  container  that  cannot  be
removed  by  vacuum  pump  (Fig.  1).
) Temperature  difference  between  the  sterilizer
chamber and  inside  container  may  create  con-
densation  inside  the  surgical  set.
Complete  steam  evacuation  inside  rigid  con-
ainer at  drying  phase  is  rarely  possible  and  such
esidual  steam  is  very  challenging  for  complete  dry-
ess of  a  sterilized  product.
During  drying  phase,  some  percentage  (example:
5% moisture)  of  moisture  present  in  the  sterilizer
hamber  implies  that  water  vapor  is  present  in  the
hamber and  containers.  When  aeration  takes  place
the sterilizer  chamber  returns  to  ambient  pressure
y ﬁlling  air)  at  the  end  of  the  cycle,  the  remaining
team mixes  with  the  inﬂux  of  air  and  achieves  a
ixture [depending  on  the  ﬁnal  load  temperature
80—90 ◦C)  and  the  temperature  of  the  incoming  air
25—30 ◦C)].  As  soon  as  the  door  of  the  autoclave
s opened,  the  mixture  inside  the  sterilizer  cham-
er escapes  into  the  environment,  but  the  mixture
nside  the  container  will  be  retained  and  condenses
nto water  during  the  entire  phase  of  cooling  up-
o room  temperature.  Because  warm  air  can  hold
onsiderably  more  water  vapor  than  cold  air  during
he cooling  phase,  the  relative  humidity  inside  theet  pack  after  steam  sterilization  and  its  consequences:
cancer  center  in  eastern  India.  J  Infect  Public  Health
ontainer will  possibly  increase.
When 100%  relative  humidity  is  achieved,  the
team will  condense  to  liquid  because  the  air  can
o longer  hold  it  in  vapor  form.
 pump  depth  up-to  25  kpa.
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PFigure  2  Proper  drying  time  is  
So,  during  the  cooling  phase  this  mixture  may
ause  severe  condensation  inside  the  container  and
he sterilized  load  become  wet  which  is  unaccept-
ble for  further  use  (Fig.  2).
aulty packaging technique:
)  Materials  like  gauze,  cottons  are  inside  the  sur-
gical set  that  can  hold  excess  moisture  during
drying time.
) Too  much  metal  masses  are  stacked  inside  in  a
surgical  set  that  increase  weight  and  thermal
unit, but  while  cooling  down,  this  may  cre-
ates condensation  when  chamber  temperature
decrease rapidly  to  room  temperature  in  com-
parison to  the  set  temperature.
)  Linen  should  be  packed  in  criss-cross  method  to
avoid dense  impermeable  mass.
) (As  per  AAMI/ANSI/ST79  standard  linen  pack  (ex:
surgeons’  gowns  or  drape  sheets)  weight  should
be ≤12  lb,  maximum  size  limit  should  be  12  in.
wide  ×  12  in.  high  ×  20  in.  long  and  pack  density
should be  ≤7.2  lb  cubic  feet  to  avoid  conden-
sation. Whereas  a  standard  surgical  set  weight
should be  ≤25  lb  and  the  maximum  size  of  surgi-
cal instrument  tray  should  be  (30  ×  30  × 60  cm),
as per  the  deﬁnition  of  a  sterilization  unit)
[2].
) Materials  may  not  be  properly  dried  up  at  the
time of  packaging  especially  for  lumen  devices.
) Separate  instruments  are  not  widely  open  inside
the peel  pouches  and  moisture  retain  inside  the
box lock  and  catches  area  of  surgical  instru-
ments during  drying  time.Please  cite  this  article  in  press  as:  Basu  D.  Reason  behind  w
An  overview  from  Central  Sterile  Supply  Department  of  a 
(2016),  http://dx.doi.org/10.1016/j.jiph.2016.06.009
mproper loading technique
et  packs  may  occur  in  case  of  insufﬁcient  space
etween the  items.
iired  for  rigid  container  system.
oading  principles:
. For  surgical  set:  At-least  1  in.  gap  between  two
surgical  set  to  avoid  condensation.
. For  peel  pouches:  Place  materials  vertically  on
sterilizer  shelves  by  using  baskets  and  not  to
stack over  one  another.
.  For  basin  pack:  Place  on  the  edge  of  the  cart  and
weight  should  not  be  more  than  6  lb.
. For  mixed  load:  The  upper  shelve  should  be
loaded by  linen  materials  and  lower  shelve
should be  loaded  by  metal  items  to  avoid  con-
densation [6].
terilizer malfunction
his  may  happened  under  speciﬁc  circumstances,
uch as  improper  drying  time,  faulty  vacuum  pump,
eﬂux of  steam  or  water  back  into  the  chamber
rom drain,  lack  of  routine  maintenance,  leakage
n gasket  or  jacket  etc.
As per  sterilizer  manufacturers’  guidelines,  the
emperature  around  the  autoclave  should  be  below
0 ◦C  with  a relative  humidity  of  80%,  and  the  room
hould be  well-ventilated.
oor steam quality
i)  Saturated  steam  is  deﬁned  as  97%  dry  steam
with 3%  moisture.  Good  quality  of  steam  can
only be  produced  by  low  TDS  (total  dissolve
solids) or  mineral  free  water  such  as  Reverse
osmosis or  Electro  de-ionized  water.
ii)  If steam  supplied  from  the  boiler  may  become
too wet  due  to  excessive  pressure  drop,  when
there are  high  demands  in  the  system  or  steam
comes  from  central  boiler  from  where  various
lines are  distinguished,  then  there  is  a chanceet  pack  after  steam  sterilization  and  its  consequences:
cancer  center  in  eastern  India.  J  Infect  Public  Health
of wet  packs.
ii) Non-condensable  gases  (NCGs)  such  as  carbon
dioxide,  oxygen,  nitrogen  can  create  wet  packs.
This  may  happen  due  to  long  duration  between
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Table  1  Unit  price  of  surgical  sets  and  ward  sets.
Surgical  sets  (24  numbers/day) Minor  procedure  sets  (70  numbers/day)
Cost  heads  Cost  per  day
INR  (US  $)
Cost per  unit
INR  (US  $)
Cost  per  day
INR  (US  $)
Cost  per  unit
INR  (US  $)
Manufacturing  cost
and  laundry  cost
Not applicable  Not  applicable  Not  applicable  Not  applicable
Water  cost 614.00  (10.23) 25.58  (0.42) 184  (3.06) 2.62  (0.04)
Electricity  cost 2579.16  (42.98) 107.46  (1.79) 1739.70  (28.99) 24.85  (0.41)
Consumable  cost  4062.17  (67.70)  169.25  (2.82)  2024.46  (33.74)  28.92  (0.48)
Human  resource  cost  999  (16.65)  41.62  (0.69)  999  (16.65)  14.27  (0.23)
Depreciation  cost
with  maintenance
contract  cost
723.96  (12.06)  30.16  (0.50)  723.96  (12.06)  10.34  (0.17)
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mTotal  8978.30  (149.63)  374
two  cycles  or  by  faulty  vacuum  pump,  causing
air pockets  inside  the  sterilizer  chamber.  More-
over  poor  steam  traps  cannot  entrap  the  NCGs
traveling  inside  the  steam  pipeline.
Design related problem
1)  Temperature  difference  between  autoclave
chamber (80—90 ◦C)  and  the  sterile  store
(20—22 ◦C)  that  creates  rapid  condensation
inside  the  surgical  set  while  storing.
2) Avoid  gypsum  board  for  ceiling  as  these  mate-
rials retain  moisture  and  use  metallic  items  for
false ceiling  purposes.
3)  Poor  instrument  inventory  management  system
which is  less  according  to  the  number  of  surger-
ies per  day.
Cost complications
Various  facts  are  involved  with  calculating  costs  for
re-processing  surgical  instruments  such  as  water,
electricity  consumables,  manpower  and  deprecia-
tion cost.
In our  hospital  we  have  calculated  the  cost
of sterilized  sets  in  operation  theatre  and  wards,
where the  cost  of  a  surgical  set  is  Rs.  374.07(INR)/
6.23(approx  USD)  and  cost  of  a  minor  procedure
(ward) is  Rs.  81.00(INR)/1.35(approx  USD)  (Table  1)
[5].
So,  when  there  is  a  load  failure,  this  pricing
should also  be  included,  since  there  is  a need  to
reprocess  the  entire  load  again,  which  negatively
impacts on  revenue  generation.Please  cite  this  article  in  press  as:  Basu  D.  Reason  behind  w
An  overview  from  Central  Sterile  Supply  Department  of  a  
(2016),  http://dx.doi.org/10.1016/j.jiph.2016.06.009
Prevention of wet pack occurrences
a.  Performing  periodic  maintenance  and  calibra-
tion of  the  Autoclaves.
b
r
c6.23)  5671.1  (94.51)  81.0  (1.35)
.  Avoidance  of  sterilizer  overloading  as  a  preven-
tion of  wet  pack  occurrences.
. Drying  time  should  be  adequate  as  per  manufac-
tures written  instruction  (Fig.  2).
. Allowing  adequate  post  sterilization  time  to  cool
down the  materials  inside  the  sterilizer  chamber
to acclimatize  with  room  temperature.
. Avoid  protectors  on  instrument  tip  since  these
can hold  moisture.
f. Using  good  quality  wrapping  materials  for  pack-
aging  purposes
. During  surgical  set  packing,  instruments  are
never locked  by  all  catches  so  that  steam  pene-
tration and  drying  can  be  done  effectively.
. Size  of  wrappers  should  accommodate  with  the
pre-sterilized  items.
i.  Gaskets  and  drain  valves  of  rigid  containers
should be  checked  periodically
j. Using  Hygrometer  to  maintain  sterile  store  tem-
perature  and  humidity  [4]
.  Install  de-humidiﬁer  or  room  heater  in  sterile
store to  avoid  moisture.
onclusion
dentifying  the  root  cause  of  wet  packs  is  cru-
ial because  there  are  several  reasons  behind  from
here  it  has  been  generated.
Wet  pack  should  be  immediately  informed  to  the
SSD in-charge  and  hospital  infection  control  team
nd also  make  a  list  of  items  and  return  to  CSSD  for
urther processes.  CSSD  personnel  must  be  docu-
ented  all  the  products  as  a  recall  basis  and  shouldet  pack  after  steam  sterilization  and  its  consequences:
cancer  center  in  eastern  India.  J  Infect  Public  Health
e treated  as  unsterile  materials  [3].
Ensuring  quality  in  sterilization  processes
equires resources  of  considerable  magnitude.  The
hallenge  is  to  ensure  that  wet  pack  occurrences
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